Abstract: The aim of this study was to analyze the computed tomography (CT) and magnetic resonance imaging (MRI) findings of dermatofibrosarcoma protuberans (DFSP), with a view to improving the diagnosis of this kind of tumor.
D ermatofibrosarcoma protuberans (DFSP) is a rare lowgrade malignant cutaneous tumor. It was first reported by Darier and Ferrand and called ''progressive and recurrent skin fibroma'' in 1924. 1 In 1925, Hoffman named it as DFSP. 2 DFSP often occurs in the dermis and subcutaneous layers. Typical DFSP shows superficial skin nodules or masses, and often protrudes from the skin surface. DFSP is often misdiagnosed, especially for larger tumors with deep tissue invasion and atypical manifestations, which often results in improper treatment leading to vulnerability to relapse. DFSP is often superficial; therefore, there are few reports focusing on imaging findings of DFSP. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Herein, we provide a retrospective review of the imaging findings of 27 cases of DFSP with the aim to improve our knowledge of DFSP.
MATERIALS AND METHODS
The database of our hospital was searched, and 45 patients with DFSP treated at our hospital were identified between January 2005 and December 2013. Of the 45 patients, 27 patients with complete clinical and imaging data were included in this study and the other 18 patients without complete imaging data were ruled out. An institutional review board exemption and a waiver for the requirement of the written informed consent were obtained to perform this retrospective study.
Of the 27 patients, 18 had been examined with computed tomography (CT) and 9 had undergone magnetic resonance imaging (MRI). CT imaging was performed using a Brilliance TM 16 slices (Philips Medical Systems, Best, The Netherlands) spiral scanner. The scan parameters were as follows: 2 to 5-mm slice thickness reconstructions, 23 to 40-cm field of view, 120 kV voltage, 200 to 300 mA current, and 256 Â 256 matrix. An intravenous bolus dose of 100 mL of a nonionic iodinated contrast agent (iopromide; Ultravist; Schering AG, Berlin, Germany) was administered at a rate of 2.5 mL/s to the patients who underwent contrast-enhanced CT. None of the patients were allergic to the iodine contrast medium. Contrast-enhanced CT scans were started 50 to 60 s after the administration of the contrast agent. Contrast-enhanced CT scans were started at 50 to 60 s in 17 cases, whereas multiphase scan was started at 30, 60, and 180 s after the administration of the contrast agent in another 1 case.
MRI was performed using a 1.5-T MRI unit (Signa HDx; GE Healthcare, Milwaukee, WI) and a head and neck or body coil. The MRI protocol included unenhanced axial and coronal T1-weighted sequences, axial and sagittal T2-weighted sequences, and contrast-enhanced axial, sagittal, and coronal T1-weighted sequences. The parameters for these sequences were as follows: T1-weighted spin echo sequence (TR/TE, 530/ 15 ms; slice thickness, 5.0 mm; field of view, 380-520 mm; matrix scan, 256 Â 256) and T2-weighted turbo-spin echo sequence (TR/TE, 4800/120 ms; slice thickness, 5.0 mm; field of view, 300-380 mm; matrix scan, 256 Â 256). An intravenous dose of 0.1 to 0.2 mmol/kg of contrast agent (Gadolinium-DTPA; Magnevist; Schering AG) was administered to the patients undergoing contrast-enhanced MRI. Two experienced radiologists reviewed the CT and MR imaging characteristics of each lesion, which included location, shape, size, number, edge, and attenuation or intensity of the lesion at unenhanced and contrast enhanced. On unenhanced CT and MR images, attenuation or intensity was classified as hypo, iso, or hyper compared with the adjacent muscle. And after contrast enhancement, the degree of enhancement was classified as no enhancement, mild, moderate, or marked on CT and MR images.
All 27 cases underwent surgery. The histological techniques consisted of routine hematoxylin and eosin (H&E) staining and immunohistochemical evaluation. One pathologist reviewed all the pathological specimens. The macroscopic appearances of each resected tumor were analyzed, including the shape, size, number, edge, and capsule wall. Immunohistochemical analysis included CD34, CD68, desmin, and S-100 protein.
RESULTS

Clinical Data
The study group composed of 15 men and 12 women, with a mean age of 35 years (range, 14-68 years). Of the 27 patients, 24 presented with solitary progressive growing superficial nodules or masses, 2 with 2 nodules, and 1 with multiple nodules. There were 29 lesions in total. Of the 29 lesions, 13 were located in the head and neck and 16 in the trunk. Clinical manifestations were as follows: 24 cases showed painless masses, 2 had a gradual emergence of tingling, and 1 reported feeling of ants biting.
Imaging Findings
The diameter of the tumors ranged from 2 to 17 cm (mean 5.6 cm). One tumor was ill defined and other tumors were well defined. Twenty-five tumors were superficial masses with subcutaneous fat tissue infiltration. There was no evidence of regional lymph node enlargement or bone destruction.
CT Findings
The unenhanced CT images showed 19 homogenous isodense lesions. No calcification was observed in any of the patients. The contrast-enhanced CT images showed intermediate and marked heterogeneous enhancement in 13 lesions, intermediate homogeneous enhancement in 4 lesions, and a mild heterogeneous enhancement in 2 lesions (Figures 1-4) .
MRI Findings
MR T1-weighted images revealed 9 well-defined homogeneous isointense or mild hyperintense lesions. T2-weighted images showed homogeneous hyperintensity to the muscles for 6 lesions and 3 mild hyperintense foci with hypointense masses. In 1 case with a multiple confluent frontal scalp lesion, the tumor showed ill-defined isointensity on T1-weight images, and mixed, mild hyperintensity and isointensity on T2-weighted images. Contrast-enhanced T1-weighted images demonstrated intermediate and marked nonhomogeneous enhancement in 9 lesions and intermediate homogeneous enhancement in 1 mass (Figures 5-7) .
Follow-Up
No cases showed distant metastasis at diagnosis. Twentyfive cases showed no recurrence during 6 months to 3 years of follow-up. Two cases were lost at follow-up.
Histopathology
Tumors composed of uniform spindle cells with long or short spindle nuclei. Spindle cells were arranged in a dense striated form. Mitosis was not common. Varying amounts of the collagen were visible in parts of the interstitial tissue. The immunohistochemical results demonstrated that all cases were CD34 þ (Figure 8 ). CD68 was positive in 18 cases, and desmin and S-100 protein were negative for 25 and 24 cases, respectively. DISCUSSION DFSP is a rare, low-grade, locally aggressive neoplasm, accounting for approximately 6% of soft tissue sarcomas. In the 2013 World Health Organization classification of soft tissue and bone tumors, DFSP was classified as a fibroblastic/myofibroblastic tumor. 13 DFSP has several variants, such as pigmented, myxoid, granular cell, sclerosing DFSP, and DFSP with areas of giant cell fibroblastoma.
14 Genetically, DFSP is characterized by the t(17; 22)(q22; q13) translocation, which leads to a fusion of the a-chain type 1 of collagen gene and platelet-derived growth factor b gene. This reciprocal translocation is present in 90% of DFSP cases. 13, 14 Histologically, DFSP often appears as a poor-circumscribed tumor, which infiltrates the dermis and subcutis diffusely. Tumors composed of uniform spindle cells with elongated nuclei arranged in an interwoven fascicular storiform or cartwheel pattern, embedded in varying amounts of collagen. Mitotic activity is often low. Immunohistochemically, CD34 is positive in 90% of DFSP patients, which is often used to differentiate DFSP from other tumors. 13, 14 In our study, all cases were CD34 þ . DFSP is more common in adults between 20 and 50 years. 13 Its slow growth suggests that the tumor could arise in childhood. There is no sex bias. 15 In this study, 2 patients were <20 years, 1 was 68 years old, and the remaining were between 20 and 60 years, which is similar to the previous reports. DFSP can occur in almost any part of the body, the most common site is the trunk, followed by proximal extremities; head and neck are less common. 13, 15 However, in our study, trunk cases accounted for 55% of all cases, and head and neck cases accounted for 45%, which perhaps reflects our small sample.
DFSP grows slowly, ranging from several months to many years, starting in an indurate plaque, mostly reddish brown or light blue, later developing into a nodule in the plaque.
14 DSFP often demonstrates round, oval, or irregular soft tissue nodule or mass, and protrudes skin surfaces to different degrees. The tumor is usually solitary and relapsed cases often show lobulated or multiple nodules. The tumor borders are frequently clear, and cysts and bleeding are rare.
On ultrasound, DFSP showed a low echo mass with a rich blood supply. 10, 16 On CT, DFSP often showed a solitary, welldefined isodense cutaneous or subcutaneous nodule or mass, with no calcification. DFSP showed homogeneous enhancement for small tumors and nonhomogeneous enhancement for large tumors. [4] [5] [6] The tumors are slow growing; therefore, the tumor often is large when patients are referred for CT or MRI. In the report by Li et al 6 , 15 out of 17 lesions that underwent CT scans were well defined, and 12 lesions showed moderate or marked homogeneous enhancement. In our study, 19 lesions appeared as solitary well-defined isodense masses, and no lesions showed calcification on an unenhanced CT scan. After contrast injection, 13 lesions showed moderate and marked nonhomogeneous enhancement, 2 lesions showed mild nonhomogeneous enhancement, whereas the remaining 4 masses showed intermediate homogeneous enhancement. In our study, 1 case underwent body multiple-phase CT scan, and the lesions showed mild-to-intermediate prolonged, delayed enhancement. The prolonged enhancement areas may have correlated with abundant hypercellular areas, and the delayed enhancement may have correlated with collagen tissue. 17 On MRI, the tumor often appeared as a well-defined isointense nodule or mass compared with muscle on T1-weighted images, and was hyperintense on T2-weighted images. On contrast-enhanced T1-weighted images, the tumor demonstrated intermediate or marked homogeneous or heterogeneous enhancement. [8] [9] [10] In most cases, the tumor was homogeneous intense. In some cases, there were necrotic and hemorrhagic signals on MRI. 4 In our study, 9 lesions demonstrated well-defined homogeneous isointense masses on T1-weighted images, and intermediate or mild hyperintense on T2-weighted images. On contrast-enhanced T1-weighted images, the tumor showed intermediate and marked heterogeneous enhancement. DFSP is often rich in blood supply. 4, 16 In the report by Kransdorf and Meis-Kindblom 4 , 1 case underwent angiography, which showed a large number of tumor vessels. Thus, DFSP often demonstrates intermediate-to-marked enhancement. By contrast, there were some areas showing no enhancement in 2 lesions in our study; we speculated that they might have resulted from cystic and necrotic areas, which is similar to previous reports. 17 The mild enhancement in parts of the tumor might have been caused by collagen tissue in the tumor stroma. In our study, 1 case showed an ill-defined confluent mass, which is rare in primary cases but frequently observed in relapsed cases.
DSFP is often superficial, and has typical clinical manifestations. In routine clinical work, MRI is not the first choice. However, DFSP could infiltrate into the dermis and subcutaneous tissues, extending far beyond the clinical margins. In the report by Garg et al 7 , a DFSP arising in the leg showed contiguous infiltration of the underlying bone. In another report by Thornton et al, 8 the proposed surgical margins were enlarged relying on the MR imaging findings in 2 out of 5 cases. Thus, presurgical MRI is important for surgical plan and follow-up.
The prognosis of DFSP is generally good. Surgical resection is the main treatment for DFSP. However, DFSP has a high rate of local recurrence, but little distant metastasis. 4 With simple tumor resection, the mean recurrence rate is approximately 20%, whereas with Mohs micrographic surgery, the recurrence rate is <1%.
14 Thus, postoperative follow-up is particularly important, especially in the first 3 years. 18 In our study, no case showed distant metastasis at initial diagnosis, and 25 out of 27 cases showed no recurrence and metastasis from 6 months to 3 years of follow-up.
The imaging findings for DFSP are nonspecific; however, it needs to be differentiated from other diseases, such as lipoma, liposarcoma, dermatofibroma, neurogenic tumor, and hemangioma. Lipoma and liposarcoma often occur in the subcutaneous tissue of limbs. The tumor shows fat density on CT, and high signal, both on T1-and T2-weighted images, and is only enhanced a little on enhanced images. On the MRI fat suppression sequence, the tumor shows a low signal. Dermatofibroma, whether single or multiple, occurs in various parts of the limbs, accompanied by thickening of the skin tissue. 3 Neurogenic tumors include schwannomas and neurofibromas, which grow mainly along nerves. Schwannoma often shows cystic degeneration heterogeneous enhancement. Hemangioma often occurs in the limb muscles and is a painless soft tissue mass, which shows calcification on CT, isointense on T1-weighted images, and hyperintense on T2-weighted images with dots or lines of low signal, which signifies calcification or venous stones, and centric enhancement is observed on enhanced images. 19, 20 Our study is a single-site, retrospective analysis. Our sample size was relatively small; therefore, the distribution of DFSP lesion locations might have been biases. In our study, head and neck cases accounted for 45%, which is different from other studies. However, the DFSP imaging findings of different locations in this study were similar, which is in keeping with published reports. [6] [7] [8] [9] [10] [11] In conclusion, DFSP is characterized by a subcutaneous well-defined soft tissue nodule or mass on plain CT/MR scans, and shows intermediate-to-marked enhancement on contrastenhanced CT/MR scans. The imaging findings for DFSP are nonspecific, but may help to define the diagnosis in an appropriate clinical setting.
